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Low Cost Obstacle Avoidance Robot
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Abstract— This paper deals with a low cost solutiondlestacle There are two 60rpm DC motors used, positive tesihon
avoidance for a mobile robot. This paper also pretsea dynamic  right motor is connected to pin PB1, its negatierinal to
steering algorithm which ensures that the robot dagshave 10 hin PB2 and negative terminal of left motor is cected to

stop in front of an obstacle which allows robot to vigate ., pR3 s nositive terminal to the pin PB4 of RDB of the
smoothly in an unknown environment, avoiding coll@is. The microcontroller

obstacle avoidance strategy has been described. ta0les
avoidance strategy and working of robot is greatigpgndent on
the detection of obstacles by sensors and corredfinresponse 15cm

of robot. Working principle of sensors, limitatioaf their use and detection range
obstacle avoidance algorithm has been discussedeitail.

Index Terms— AVR Studio, Binary Logic, Dynamic steegn
algorithm, RS232.
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I. INTRODUCTION

There are some very famous methods for robot naeiga
like wall-following, edge. One recently introduced

commercial system uses wall-following method onlcerf 10em
cleaning robot for long hallways [1]. A more gerieaad
commonly employed method for obstacle avoidantmged Fig.1: Range and Height of sensors

on edge detection [2, 3]. Real-time obstacle avuidds one

of the key issues to successful applications ofifeabbot  petection range of sensors is 15cm which are 1Gmwethe
systems. A disadvantage with obstacle avoidancedbas gyrface level as shown in Fig.1.

edge detecting is the need of the robot to stdpoimt of an

obstacle in order to allow for a more accurate mieasent.

All mobile robots feature some kind of collisioncédance,

ranging from primitive algorithms that detect arsttle and
stop the robot short of it in order to avoid a isidin, through

sophisticated algorithms, that enable the robotdébour

obstacles. The latter algorithms are much more t&mp
since they involve not only the detection of antable, but

also some kind of quantitative measurements coimggthe

obstacle's dimensions. Once these have been deéstnthe

obstacle avoidance algorithm needs to steer thet mnlound

the obstacle and resume motion toward the origangkt [4].

In this paper the dynamic steering algorithm erstinat the
robot doesn't have to stop in front of an obstaltieng its

navigation. Hence the robots may overcome somehef t Fig.2: Position of sensors
problems during navigation, discussed above andart

navigate smoothly during its operation avoiding thesjg.2 shows the positions of the two sensors asthudce

collisions. We have presented a basic algorithmde®gign petween them, which can be altered to vary thetite area
which can be further improved depending upon tlgiired  for obstacle detection.

applications.

Tem

[ll. SENSORS FOR OBSTACLE AVOIDANCE

II. BASIC DESIGN OF ROBOT . .
There are varieties of sensor available those aan b

This obstacle avoidance robot was built with afmplemented for detection of obstacle. Some of hey
ATMEGA-8 microcontroller deVelOpment board. Thisabd popu|ar sensors are: Infrared Sensors, Camerashwhh be
consists of two sensor ports connected to pin REMPL3 of |sed as a part of Computer Vision, Sonar, LIDARchhian
PORT C of ATMEGA-8 microcontroller. directly measure the distance of thousands to featsdof
thousands of points in its field of view [5]. Sine&uction of

cost is an important factor in the design of rolveg, opted

Manuscript received September, 2013, Infrared (IR) sensors for our low cost obstacle idance
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The IR sensor used, basically is of ‘always ON'etyfphe
sensor can be divided into two parts: Transmittad a

to avoid collision by keeping left wheel still (LM®) and
moving Right wheel (RMP=1). In case if there conaes

Receiver. Transmitter has an IR LED (Tx), constantlobstacle in front of the robot, both the sensonmsssethe

emitting light and hence this sensor is known asgs ON
type.

The second part, Receiver consists of a photodiRa}
Transmitter keeps on emitting IR light, when théeany
obstacle in the front of sensor, the emitted liggit reflected
back to the sensor. When reflected IR light bedis én the
photodiode, the voltage drop increases and theodath
voltage of photodiode goes low depending on thenisity of
reflected light beam. This voltage drop can be detbusing

an Op-Amp (operational Amplifier LM358). From the

working principle of Op-Amps, we can notice thas thutput
will go High when the volt at the cathode of diatfeps under
a certain voltage. So the output will be High whigright is

detected, which is the purpose of the receiver[P@tection
range of the sensor can adjusted using potentiometizable

resistor (Vr) present in the sensor. An LED is atsmunted
for the indication of detection of obstacle. Thegit diagram
for an IR senor is shown in Fig.3.

Two IR Sensors were attached in front side of robo

Sensors were optimized in such a way that robotegerct the
obstacle up to the range of 15cm.

Obstacle

aD

Fig.3: Functional Block Diagram /Schematic Diagram

IV. ALGORITHM - WORKING PRINCIPLE

By the virtue of working of sensors, when obstacle
detected, the reflected IR beam of can be congdasean
input to the sensor. Taking the convention of Bjnlangic,
we can assume input to the sensor as logical ‘Ehadbstacle
is detected and input can be called ‘0’ when thsr@o
obstacle. Since two IR sensors have been used laame
them as LS for sensor in the left hand side antbRS&ensor in
the right hand side of the robot.

Similar to the sensors we can name the positive al
negative terminals of DC motor in Left hand sidé.&®> and
LMN respectively and positive and negative ternsnaf
motor in Right hand side as RMP and RMN respegtivel
Here ‘1’ can be taken as output from microcontrolte the
terminals of motor.

The robot will continuously roam detecting the elotts
and avoiding collision. When there is no obstaa¢hikthe
sensors receives the input as ‘0’ and robot keepsi@ving
forward. If only Left sensor detects the obstadeliS=1, the
robot turns right to avoid collision by keepinghigvheel still
(RMP=0) and moving left wheel (LMP=1). Similarly ahly
Right sensor detects the obstacle i.e. RS=1, thet tarns left
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obstacle i.e. LS=1, RS=1. At this stage robot tinask since
left and right movement will not be possible.

Initialize Sensors
LS=0
RS=0

Set Sensor status
ON'
(Obstacle sensing ON)
Take Input

MOVE
FORWARD
LMP=1
LMN=0
RMP=1
RMN=0

TURN

BACK
LMP=1
LMN=0
RMP=0
RMN=1

TURN

RIGHT
LMP=1
LMN=0
RMP=0
RMN=0

TURN
LEFT
LMP=0
LMN=0
RMP=1
RMN=0

1L5=0, RS=1
Obstacle in Right)

Fig.4: Flow chart for obstacle avoidance strategy.
This can be achieved by moving left wheel in fomvar
direction and right wheel in backward direction uléag
in-place turning. The robot will continuously naatg and
does not have to stop. The algorithm presented defires
the infinitely continuous movement of robot with@uty need
to reach any specific target. Infinite loop of doobus

I;?(lj>stacle detection has been presented. The obstacle

avoidance strategy can be concluded in the flowtcdewn
in the fig.4.

V. IMPLEMENTATION

The implementation of obstacle avoidance strategy f
robot involves the writing and compilation of pragr using
software AVRStudio (version4). The compiled progifaom
the PC has to be written on microcontroller on PQB
development board of the robot for which a serial
communication has to be established. This is dgnesing a
USB to RS232 conversion cable, and RS232 portés th
connected to the MAX232 present on PCB which casver
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TT Logic to Binary Logic [7]. Software HIDBootFlash

(version1.0.0.1) was used to write program on dgvakent
board using USB cable. Hence the program througiXRB®2
is written in microcontroller. Once program has hésded
to the microcontroller the robot can now roam acbun
During the operation of robot, it continuously takie

input from photodiode of the IR Sensor. The inpst i

compared in the LM358 comparator IC present in IfRRe

| SSN: 2231-2307, Volume-3, I ssue-4, September 2013

LS=0; /*set sensor status OFF to further detectialote */
RS=0; /*set sensor status OFF to further deteattable */
}
if((Is==0b0000001)&(rs==0b0000000) /* check sensor
status for left sensor(LS)=ON and right sensor(RXF)E */
{
PORTB=0b00010000;
_delay_ms(500);

[Iturn right
/lkeep on turning right fds 8ec

Sensor. The output of the comparator is given te th LS=0;/*set sensor status OFF to further detectialote */

microcontroller.

Microcontroller based upon the program takes dexiand
provides output for controlling the direction ofbat. The
output has to be sent to the motors but the owtigaal from
microcontroller is not capable to drive the motbenice IC
L293D is used for driving motors, it is also knoas driver
IC. All inputs of it are TTL compatible.

The general block diagram for the complete exeoutas
Follow:

INPUT IC LM 358 ATMEGA-8
FROM — (COMPARA = (MICRO-CONT
PHOTO- TOR IN IR- ROLLER)
DIODE SENSOR)
TO L293D
MOTOR'S ¢ (MOTOR
INPUT DRIVER
1)

Fig.5: Block Diagram of obstacle avoidance robot

VI. SOFTWARE IMPLEMENTATION

The embedded C program code for the implementation

obstacle avoidance robot is given as follow:
/*connection setup for the obstacle avoidance robot

RMP(+ve terminal of right motor) ----- PB1
RMN(-ve terminal of right motor) ----- PB2
LMN(-ve terminal of left motor) ------ PB3
LMP(+ve terminal of left motor) ------ PB4

LEFT SENSOR(LS)
RIGHT SENSOR(RS)
*/

#include<avr/io.h>
#include<util/delay.h>
void main()

{
DDRC=0b0000000;

PCO
------ PC3

[*set PORT C as input port*/

RS=0; /*set sensor status OFF to further deteattable */

}
if((Is==0b0000000)&(rs==0b0001000)) /* check sensor
status for left sensor(LS)=0OFF and right sensorfRs) */
{
PORTB=0b00000010; /*turn left */
_delay_ms(500); /*keep on turning left for 0.5 %ec
LS=0; /*set sensor status OFF to further detectiaiote */
RS=0; /*set sensor status OFF to further deteattabke */

}
if((Is==0b0000000)&(rs==0b0000000)) /*
status for both sensor OFF - no obstacle */

check sensor

PORTB=0b00010010; //move forward
LS=0; /* set sensor status OFF to further detesttzle*/
RS=0; /* set sensor status OFF to further detesttalcle*/

}
}
}
VL.

LIMITATION TO USE AND FURTHER
IMPROVEMENTS

This robot has been successfully implemented fonyma
obstacles like wall, chair, vessels, doors etcdoetto use of
IR sensor it has certain limitation. We know th&tdi and
some other dark colours are good absorbent of. lighlight
beams are also not reflected back from these cadboibjects
resulting into obstacle remaining undetected. Adfficient
application of robot is limited only to indoor puges.

Performance of this robot can be improved withhélkp of
Bump sensors, for slow moving robots, Ultrasoninge
sensors for large range up to 6m or LASER rangiefis [8].
One of the prevailing fields is the use of cameraadbot,
Computer vision can be implemented for better perémce
[5].

Differential Drive System: A mobile robot which sse
differential drive has separate speed and directomtrol for

DDRB=0b00011110; /*set PB1, PB2, PB3, PB4 as outptite left and right sets of wheels. Such a systararng flexible

pins*/
int LS=0, RS=0; /*to acquire the left sensor$ah LS and
right sensor status in RS, define & initialize IRS integer as
0*
while(1) [* create infinite loop */

LS= (PINC&0b0000001); /*acquire only left sensaatss,
LS connected at PCO */

for a mobile robot because it does not have a minmim
turning radius, it can execute a turn around ite oentre. Arc
turning is achieved by driving the left and righheels at
different speeds. This ensures that the wheel spetthe
robot are lower while turning and faster when mgvin
straight. Turning at high speeds can result inpgtip and
inaccurate turns, this prevents it from such hampge(8].
Further improvements are Certainty Grid and Thetudir

RS=(PINC&0b0001000); /* acquire only right sensof~orce Field (VFF) Method [4].

status, RS connected at PC3 */
if((Is==0b0000001)&(rs==0b0001000)) /*check
status for both sensor ON- obstacle in front*/
{
PORTB=0b00010100; /*in-place turning of robot */
_delay_ms(1800); /* keep on turning for 1.8 séc *
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sensor

VIII. CONCLUSION

Almost all navigation robot demands the some sért o
obstacle detection, hence obstacle avoidance gyrageof
utter importance. Obstacle avoidance robot hasgfiedd of
application. They can be used as services robotsthe
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purpose of household work and so many other indoor
applications. Equally they have great importancscientific
exploration and emergency rescue, there may bepldat
are dangerous for humans or even impossible foraharo
reach directly, then we should use robots to heldruthose
challenging environments, the robots need to gather
information about their surroundings to avoid obls
Nowadays, even in ordinary environments, people als
require that robots can detect and avoid obstadies.
example, an industrial robot in a factory is expddb avoid
workers so that it won't hurt them. In conclusi@fstacle
avoidance is widely researched and applied in thedwand

it is probable that most robots in the future stobhve
obstacle avoidance function.
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